Stratigraphy and sedimentation of the Spencer Formation in Yamhill and Washington Counties, Oregon by Al-Azzaby, Fathi Ayoub
Portland State University 
PDXScholar 
Dissertations and Theses Dissertations and Theses 
1980 
Stratigraphy and sedimentation of the Spencer 
Formation in Yamhill and Washington Counties, 
Oregon 
Fathi Ayoub Al-Azzaby 
Portland State University 
Follow this and additional works at: https://pdxscholar.library.pdx.edu/open_access_etds 
 Part of the Sedimentology Commons, and the Stratigraphy Commons 
Let us know how access to this document benefits you. 
Recommended Citation 
Al-Azzaby, Fathi Ayoub, "Stratigraphy and sedimentation of the Spencer Formation in Yamhill and 
Washington Counties, Oregon" (1980). Dissertations and Theses. Paper 3202. 
https://doi.org/10.15760/etd.3193 
This Thesis is brought to you for free and open access. It has been accepted for inclusion in Dissertations and 
Theses by an authorized administrator of PDXScholar. For more information, please contact pdxscholar@pdx.edu. 
AN ABSTRACT OF THE THESIS OF Fathi Ayoub Al-Azzaby for 
The Master of Science in Geology presented May 9, 1980. 
Title: Stratigraphy and Sedimentation of the Spencer 
Formation in Yamhill and Washington Counties, Oregon. 
APPROVED BY MEMBERS OF THE THESIS COMMITTEE: 
The Spencer Formation in Yamhill and Washington Counties, 
Oregon, is exposed in a narrow belt 27 km long, from 1/4 to 
3 km wide and with a maximum thickness of about 400 m. The 
formation is composed entirely of sandstone with interbedded 
thin layers of mudstone in the uppermost member. The 
sedimentary structure and paleoecology indicate a shallow 
marine depositional environment. The upper member of the 
Spencer Formation contains more quartz, plagioclase, and 
hornblende than does the lower member, but K-feldspar is less 
than that of the lower member. Shallower water conditions 
for the deposition of the upper member are indicated by 
sedimentary structures and the abundance of pebbly lenses 
and coaly material. Eighteen species of megafossils 
collected from the formation indicate that the Spencer 
Formation is of the Tejon stage tlate Eocene of the West 
Coast) • 
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The Spencer Formation in the study area is unconform-
ably underlain by fine sediments of the Yamhill Formation of 
late Eocene (Narizian) age, which are in turn underlain by 
the upper middle Eocene Tillamook Volcanics. The Spencer 
Formation is overlain by a unit previously mapped as 
"Oligocene Marine Sediments Undifferentiated" (Schlicker 
and Deacon, 1967). For this thesis, these sediments were 
separated into three units, partially mapped in the northern 
part of the study area: (1) A separate mudstone, siltstone, 
and sandstone unit called in this thesis the Stimson Mill 
bed which intertongues with and overlies the Spencer Forrna-
tion. The stratigraphic position of this unit is uppermost 
Eocene, not Oligocene as previously interpreted; (2) a 
thick sequence of interbedded basaltic and carbonaceous 
fine sandstone, pebbly sandstone, and thin-bedded shale of 
the Gries Ranch Formation which overlies the Stimson Mill bed 
of early Oligocene age; (3) a sandstone and mudstone unit, 
probably the middle Oligocene Pittsburg Bluff Formation which 
overlies the Gries Ranch Formation. To the east of the study 
3 
area, these units are unconformably overlain by the late 
Oligocene Scappoose Formation, which is, in turn, uncomform-
ably overlain by the Columbia River Basalt Group of Miocene 
age. 
Very well-developed faults with stratigraphic displace-
ment occur throughout the study area, and sills and dikes 
intrude some of the Eocene and Oligocene rocks. 
The considerable thickness of the shallow marine 
Spencer sandstone unit, along with its good porosity and 
permeability, well-developed faults, and intertonguing 
relationship with the overlying unit, suggest that this 
unit is favorable for the development of good stratigraphic 
and/or structural oil traps. 
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INTRODUCTION 
Because of their importance in human affairs, finding 
oil, or valuable minerals has long been the goal of many 
individuals, companies, and governments. Northwest Oregon 
has been one of the many places where investigators have 
searched for any evidence of oil or gas. Because of the 
increasing demand for oil, geologic maps and knowledge of 
the stratigraphy of this region are becoming increasingly 
important. 
In addition, the increase in population of Northwest 
Oregon requires detailed knowledge of such geologic con-
ditions as the characteristics of the bed rock, availability 
of water and construction materials, distribution of surface 
and underground water, mineral resources, and environmental 
hazards such as floods, landslides, earthquakes, and many 
other factors that govern land use planning. Geologic 
mapping and investigation are very vital and necessary for 
this type of information as well. 
The geology of northwest Oregon is very poorly ex~osed, 
because it is extensively covered with vegetation. As 
additional roads and houses are built in the area, more bed 
rock is exposed, and more geologic information becomes 
available. 
The main purpose of this investigation is: 
(1) to refine and prepare a geologic map of some of the 
Tertiary rocks in portions of Yamhill and Washington Counties: 
(2) to examine in detail the stratigraphic relationship of 
the Spencer Formation and the undeilying and the overlying 
units; (3) to describe and interpret the lithology as it 
was observed both in the field and in the laboratory; and 
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(4) to determine the environment of deposition. This infor-
mation on the lithology, stratigraphic relationships, and 
interpretation of the environ~ent of deposition will be of 
value in future exploration for hydrocarbons in northwest 
Oregon. 
The base of the geologic map (scale 1:24,000) was 
compiled from U.S. Geological Survery topographic maps 
that were revised in 1970. Many features such as Henry 
Hagg Lake in Washington County, new roads and several names 
of quarries and roads have been added to this map. 
PREVIOUS WORK 3 
Spencer Formation is the name given by Turner (1938) 
to marine sandstone and shale which crop out 16 km west 
southwest of Eugene. On the basis of its molluscan fauna 
Turner dated the Spencer Formation as a Tejon-Cowlitz epoch 
of deposition of late Eocene age. Turner provided a cross-
section but no geologic map in his study. 
Vokes and others (~~51)_ published a geologic map of 
the southern border area of the Willamette Valley and revised 
portions of Turner's stratigraphy. On the basis of that 
map Gandera (19771 in his thesis furnished a geologic map 
that showed the Spencer Formation in the Eugene area. Vokes 
(l9-54l and Baldwin Cl9A 71 recognized that the Spencer 
Formation continued north of the type area to Corvallis, 
Albany, and Dallas. 
The earliest work in this study area was done by 
Diller (_l896)_. He mentioned tfiat at Boos Quarry in 
Washi.ngton County, about 1 Rm northwest of Scoggin and in 
the area which is now known as Scoggin Quarry located on 
the Scoggin Valley Road (see Plate I), fossiliferous sand-
stone. of Miocene age occurs. Warren and others (19-4 5 )_ 
named the sandstone the Gries Ranch Formation and suggested 
a lower Oligocene age, oase.d on the megafossil fauna at 
that locality. 
Washburne (19-141 p .. 86) described the sandstone be-
tween Yamhill and Newbe.rg as Miocene and the underlying 
4 
shale as Oligocene. He also stated, "All of these rocks are 
thought to be post-Eocene, as no Eocene fossils nor any strata 
resembling the Eocene of northwestern Oregon have yet been 
found in Yamhill County." 
Warren and others (1945) published the first geologic 
map (OM 42) of the northwest Oregon and revised portions of 
the units that Diller (1896) and Wasbburne (19-141. had called 
Miocene. They found that rocks in the vicinity of Yamhill 
are middle (?) and upper Eocene in age, with Oligocene rocks 
occurring to the east. Their investigation is evidenced 
by a large collection of megafossils. They designated rocks 
in the area now occupied by Scoggin Dam as part of the 
Cowlitz Formation. 
Schlicker (1962) recognized and mapped the Spencer 
Formation with its approximate lower and upper contacts 
with the Yamhill Formation and Oligocene undifferentiated 
sediments respectively. Schlicker dates the Spencer 
Formation as upper Eocene on the basis of its position 
between the lower upper Eocene Yamhill Formation and the 
overlying lowerOligocene sediments. Schlicker and Deacon 
(1967) published a bulletin of engineering geology of 
the Tualatin Valley region. In their geologic map the 
Spencer Formation was remapped, with changes in the under-
lying and overlying contacts. 
King (J~63j , in his report about the proposed 
Scoggin Reservoir, provided a geological map of the area. 
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He still used the name Cowlitz Formation for the sediments 
there, which Schlicker (19621 and Schlicker and Deacon 
(_1967) had named the Spencer Formation. 
Snavely and Wagner {_19._63)_ and Snavely, Wagner and 
MacLeod (1969) outlined tfie Tertiary geologic history of 
Western Oregon. Mcwilliams (19_69) attempted to relate the 
stratigraphy of Teritary-age rocks of selected areas to 
the regional strati.graphi_c framework of western Oregon 
and Washington in terms of unconformity-bounded sequences. 
An unpublished report by- the U.S. Department of the Interior 
(_19721 about Scoggin Dam p:rovi.ded si:x geologic sections, 
a dam s.ite geologic map, ~nd a Borrow area geologic map. 
The cores from drill holes at the dam site are preserved 
by the Bureau of Reclamation, at Forest Grove. 
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AREA OF STUDY 
The study area is located about 50 km southwest of 
Portland, Oregon, on the western edge of the northern part 
of the Willamette Valley. It comprises north central 
Yamhill County and a small portion of southern Washington 
County, lying between 45° 15' and 45° 30' north latitude 
and between 123° 00' and 123° 15' west longitude (Fig. 1 
and Plate I). The area extends from 4 km north of Hagg 
Lake south to Lafayette. It is contained within the 
southern portion of the Gales Creek 15-minute quadrangle, 
the central part of the Gaston quadrangle and the west edge 
and east edge of the Carlton and Dundee quadrangles, 
respectively. 
State Highway 47 traverses the area from north to 
south. State Highway 240 crosses it from east to west. 
The Southern Pacific Railroad line also crosses this area 
from north to south. 
A network of public and private roads provide easy 
access to most parts of the area. Logging activity and 
new and old quarries help to make most of the area 
accessible by roads, providing numerous roadcuts with 
bedrock exposures. Hagg Lake in Washington County is a 
man-made lake with good exposures of bed rock around its 
shores. 
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PHYSIOGRAPHY 
The study area is contained in a part of the Tualatin 
Valley, which is characterized by wide flat land and 
prominent uplands. The flat land is drained by the Tualatin 
River and one of its main tributaries, Scoggin Creek, in the 
northern part of the study area and Chehalem Creek and North 
Yamhill River in the southern part. Drainage is generally 
eastward into the Willamette River. The uplands include 
Gales Peak in the north, the high land of the Gries Ranch 
Formation to the east of Hagg Lake, and a portion of Red 
Hill near Dundee in the southeast. 
An important new physiographic feature in the area is 
Henry Hagg Lake (Fig. 2 and Plate I. Its length is 
approximately 4km, and its width is about 1 km. Henry Hagg 
Lake and Scoggin Dam were built by the Bureau of Reclamation 
on Scoggin Creek in the southern part of Washington County. 
The first phase of the project was authorized in 1966, the 
plan was completed in 1970, and construction began in 1972. 
First water was stored in Henry Hagg Lake behind the Dam 
in the fall of 1974. The project provides municipal and 
industrial water, irrigation service to 17,000 acres, flood 
control benefits, and recreation opportunities. Roads built 
as part of the project provide large exposures of Tertiary 
sediments that had not been seen before. Also, during late 
August to November when much of the water is drained from 
the lake, an average of 30 m of surrounding bedrocks are 

well exposed. 
Many landslides have occurred in the area, especially 
in the central and northern part. Landslides of small 
scale are distributed in most of the formations on sides 
of stream valleys and in areas of relatively steep slopes. 
In the U.S. Department of the Interior report (1972), it 
was mentioned, a large ancient landslide has occurred on 
the east side of the valley both upstream and downstream 
from the dam site. 
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GEOLOGIC SETTING 
The study area is part of an elongate trough, 
extending from Vancouver Island about 640 km southward 
to the Klamath Mountains (Snavely and Wagner, 1963). The 
western boundary of the trough lies near the base of the 
continental slope and the eastern boundary near the western 
margin of the Cascade Range (Snavely, and others 1977). 
Figure 3 shows the physiographic features of the trough 
and its boundaries during Tertiary time. The accumulated 
sedimentary and volcanic rocks in this trough are estimated 
to be 8,000 m thick (Snavely, and others 1977). 
Snavely, and others (1977) states that the elongate 
trough in early to mid-late Eocene was characterized by the 
depositional environment, a deep marginal basin in western 
Oregon and Washington and a wide shallow shelf to the east. 
The two environments shifted westward with time (Fig. 4). 
During early to middle Eocene, volcanic eruptions 
took place in different parts of the basin at different times. 
Accordingly, a thick sequence of basaltic pillow lava and 
breccia was poured out on the ocean floor (Snavely and others, 
1969). The rugged upland which today form the Oreaon Coast 
Range comprise the Tillamook Volcanic Series in the northern 
part of the range (Warren and others, 1945), Siletz River 
Volcanics in the central part (Snavely and Baldwin, 1948), 
and the Umpqua Formation in the southern part (Diller, 1896). 
The volcanic basalts interfinger complexly with marine 
sediments that were derived from the borders of the basin. 
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Vancouver Island and the Olympic Mountains in the 
north, the volcanic shield to the east, and the pre-Tertiary 
Klamath Mountains to the south were the main source supply 
of sediments that filled the basin during its long history 
in the Tertiary epoch. Early Eocene uplift of the Klamath 
Mountains led to the deposition of more than 2,000 m of 
the Tyee sediments which occupy a large area in the southern 
portion of the basin. 
Near the close of middle Eocene time, because the 
relief of the Klamath Mountains had been lowered by erosion, 
their contribution of sediments was diminished (Snavely, 1969). 
By the end of middle Eocene to mid-late Eocene time, north-
western Oregon represented a deep sea environment, evidenced 
by fine sediments and fauna assemblages of the Yamhill 
Formation. By the end of mid-late Eocene, regional uplifting 
occurred throughout the basin and a number of shallow-shelf 
basins were developed (Snavely, 1977). The uplift during 
this period of time is evidenced by the erosion of the 
Yamhill and correlative formations along the Coast Range. 
The Spencer Formation which is characterized by shallow 
marine fauna of less than 200 m deep, represent one of these 
basins. The Spencer sandstone was deposited uncomformably 
above the older rocks in a line extending about 160 km 
from the Eugene area, its type locality northward to 
Washington County. The fact that Yamhill and Spencer sand-
stone contain a considerable amount of metamorphic minerals 
such as epidote and some sedimentary rock fragments such 
14 
as chert indicate that the Klamath Mountains were still 
contributing sediments to the basin till the end of the 
latest Eocene time. In addition, the continuous withdrawal 
of the sea northward from the Klamath Mountains area led 
to the exposure of the Tyee Formation, which in turn was 
eroded, transported and redeposited within the Spencer 
Formation. The eastern margin of the Spencer basin became 
shallower by time because of the received sediment, evidenced 
by the abundance of coal and pebbly lenses in the upper member. 
The latest Eocene and early Oligocene time was succeeded 
by downwarping, which subsequently resulted in the inter-
tonguing of marine and non-marine sediments in Eugene area. 
These overlying and intertonguing sediments are represented 
in non-marine facies of the Spencer and Fisher Formations. 
In the study area, the upper member of the Spencer Formation 
intertongues with marine sediments of the Stimson Mill bed, 
which characterized by alternating thick beds of sandstone 
and mudstone. 
The early Oligocene time was characterized by the deposi-
tion of Gries Ranch Formation. This unit is very significant 
because it has a distinctive lithology and also because it 
extends intermittently~for a long distance between Oregon 
and Washington along the east side of the Coast Range. The ... 
abundance of peboies, conglomerate, and tuffaceous siltstone 
within this unit indicate volcanic eruptions were occurring 
during the early Oligocene, probably along the ancestral 
western or High Cascades. The change in lithology in this 
15 
unit from the underlying units indicate the change in a 
drainage system and source area sediments no longer appears 
to be the Klamath Mountain and their northern border. This 
change in provenance may be due either to lowering of 
the reliefs or change in the stream courses that came from 
the south. The thickness of up to 1,100 m in Washington 
County may indicate a downwarping during this period of time, 
changing, consequently, the depth of depositional environment. 
Marine deposition was continuous and uninterrupted in 
this part of the basin from early Oligocene to Miocene time. 
Then during Miocene, the major and minor unconformities 
developed (Snavely and others, 1969). The Columbia River 
basalt that borders the study area to the east unconformably 
overlies the undifferentiated Oligocene marine sediments 
(Schlicker and Deacon, 1967). 
PETROLOGY OF THE SANDSTONE 
Sampling Methods and Procedure 
In this study, numerous samples of sandstone were 
collected from different parts of the area. The analyzed 
samples mentioned in the text or in the Appendix bear 
numbers that are the same as their locality numbers shown 
16 
on the map (Plate I) . Sample DH6 was taken from the core of 
drill hole DH6 in the Scoggin Damsite from a depth of 32m, 
about 6m above the contact with the Yamhill Formation 
(Plate IIb). From the treated samples, twenty-one samples 
for sieving and pipette analyses, 30 grain mounts of light 
minerals, 30 grains mounts of heavy minerals, and more than 
30 thin sections for microscopic study were prepared for 
laboratory work. 
Light and heavy minerals were separated from selected 
samples by using tetrabromoethane (Sp. gr. 2.95 at 25° C.). 
The splits + 2 ~ to + 4 ~ were chosen for light minerals and 
+ 3.75 ~to 4.75 ~for heavy minerals. The latter fractions 
were selected here because the heavy minerals are concentrated 
in this size range. Weight percentage of heavy minerals in 
each sample is given in Table I (Appendix). 
For the petrographic study, seven grain mounts from 
the Yamhill Formation, 18 from The Spencer Formation, and 
five from The Stimson Mill bed were prepared. The grain 
mounts for light minerals were stained by using a modi-
fied method described by Bailey and Stevens (1960). 
Mica, magnetite, and ilmenite were eliminated from 
the grain mounts because they are found in all units in 
17 
the study area and they occur in a wide range of rock types. 
Therefore, they are not useful either in differentiation 
between the formations or in determination of the provenance. 
Furthermore, their presence in grain mounts hinders the 
counting of the other minerals. Magnetite and ilmenite, 
however, form one-fourth to Qne-half the total amount 
of the heavy minerals of each sample. 
Relative percentages of light and heavy mineral con-
stituents were determined by a standard line count of 300 
to 500 grains. Lists of the analyzed samples are given in 
Table I (Appendix} . Nomenclature and classification of 
sandstones are given in Figs. 11and12, and the statistical 
parameters were calculated in this study according to Folk's 
graphic method (1974) and are given in Table II (Appendix). 
STRATIGRAPHY 
GENERAL DISCUSSION 
The oldest geologic unit in the study area is the 
Tillamook Volcanics, named by Warren and others (1945) and 
considered to be middle Eocene in age. Lying above it is 
a group of marine sedimentary rocks of late Eocene and 
Oligocene age. The sediments are not differentiated in 
the geologic map of Warren and others (1945), who did, 
however, identify fauna from the Scoggin Dam area and from 
Scoggin and Abraham quarries. They assigned rocks from the 
first area to the Cowlitz Formation and those from the 
quarries to the Gries Ranch Formation. 
In his first mapping, Schlicker (1962) also did not 
divide the formations, with the exception of The Eocene 
Spencer sandstone and the mid-Miocene Columbia River basalt. 
In 1967, however, Schlicker and Deacon changed the contacts 
of the Spencer Formation with the underlying Yamhill Forma-
tion and the overlying "Oligocene Marine Sediments Un-
differentiated". 
In this study, this author separated out three units, 
from the "Oligocene Marine Sediments Undifferentiated". Two 
of these newly described units are Oligocene marine sediments; 
the third, the Stimson Mill bed, was recognized as an upper-
most Eocene unit, which is overlain by the Gries Ranch For-
mation, which in turn is probably overlain by the Pittsburg 
19 
Bluff Formation, both of Oligocene age. The stratigraphic 
position of these and other Eocene and Oligocene formations 
of western Oregon are shown in the correlation chart (Fig. 5). 
The Scappoose Formation, of late Oligocene age, occurs in the 
eastern portion of the study area and is capped by Miocene 
Columbia River basalt~ The columnar section (Fig. 6) shows 
the divisions of these units in the study area. Because of 
the limited bedrock exposures and inadequate fossil control, 
mapping of these new units was only done in the northern 
part of the study area (Plate I). Cross section A-A' (Plate 
II a ) shows the relative position of the Tertiary units. 
For this study, a large number of megafossils have been 
collected from different parts of the area (Plate I) . 
Identification of some groups were made by Dr. Carole 
Hickman, University of California, at Berkeley. Table III, 
(Appendix) gives a checklist of these fossils and other 
groups of fossils collected in the study area and identi-
fied by Warren and others (1945) and Mcwilliams (1969) . These 
fossils provided more information about the ages of the units 
and were also useful in differentiating the formations. 
Numerous fossils still remain unidentified. The collection 
is stored in the Museum of the Earth Science Department in 
Portland State University and is available for future 
investigation. 
Although mapping and description of the Spencer 
Formation were the main objectives of this study, information 
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Formation 
Pittsburg 
Bluff(?) 
Gries 
Ranch 
Stimson 
Mill 
Spencer 
Yamhill 
Thickness 
(meters) 
850+ 
1100 
1370 
200-400 
1480 
Lithology Description 
Top not exposed 
·.~·.~~::4 : ...... . 
.... 
Interbedded sandstone and mudstone, 
occasionally pebbly and concretionary, 
molluscs and crustacea fossils are 
common. 
Massive fine-grained to pebbly and con-
glomeritic, light-gray to light-brown 
basaltic sandstone with thin-bedded gray 
and brown shale ranges from 0.20 to 370 cm 
thick, commonly calcareous carbonaceous and 
highly fossiliferous. The upper part con-
sists of light-yellow to white tuffaceous, 
fossiliferous siltstone. 
Interbedded sandstone, siltstone, and 
mudstone. The sandstone beds are massive, 
fine-grained, light-yellow to tan, 
micaceous and arkosic; locally fossili-
ferous; it closely resembles the underlying 
Spencer sandstone. 
i 
The upper member is massive to thin-bedded, 1 
light gray to tan, fine-grained fossiliferous' 
micaceous, arkosic sandy siltstone, occasion-
ally calcareous, pebbly, carbonaceous, and 
cross-bedded; mud clasts, laminations, 
burrows, and concretions are common. The 
uppermost part include thin beds up to l m 
thick of mudstone. 
The lower member is massive to thin-bedded 
micaceous, arkosic sandy siltstone. The 
sedimentary structures are not common as 
above. 
Interbedded mudstone, siltstone, and sand-
stone. The sandstone beds are very poorly 
sorted, light-yellow to light-yellowish 
gray, and mostly basaltic in composition. 
The sequence is occasionally intruded by 
porphyritic basalt. 
Interbedded sequence of basalt flows, 
pillow lava, tuff, breccia, and marine 
sandstone, siltstone, and shale. The 
sequence is occasionally intruded by por-
phyritic basalt. 
Figure 6. Generalized stratigraphic column of the differentiated 
formations in the northern part of the mapped area. 
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gained by this author about the overlying units of Stimson 
Mill bed, Gries Ranch, and Pittsburg Bluff is included in 
this thesis so that it can be used by future workers in 
the area. 
Tillamook Volcanics 
The oldest rocks in the area are those of the Tillamook 
Volcanics and are found in the northern part of the Coast 
Range. Correlative rocks are called the Siletz River 
Volcanics in the central part of the Coast Range, The Umpqua 
Formation toward the South end of the range, the Crescent 
Formation in Washington, and the Metchosin Formation at 
Vancouver Island, British Colurrbia. 
The Tillamook Volcanics is a name assigned by Warren 
and others (1945) to basaltic lava, tuff, breccia, and 
marine sandstone and shale that were regarded by them to 
be middle Eocene in age. 
Snavely and others (1970) interpret the Tillamook 
Volcanics at the Tillamook Highlands about 45 km west of 
the study area as part of a large anticlinorium complicated 
by northwest - and northeast - trending faults. Bromery 
and Snavely (1964) estiraate the thickness of the unit at 
Tillamook Highlands to be around 7,000m. 
Rocks of the Tillamook Volcanics in the study area 
are called "volcanics and sediments undifferentiated" by 
Schlicker and Deacon (1967) and regarded as a part of the 
23 
Siletz River Volcanics by Mcwilliams (1969) . The Tillamook 
Volcanics occupy the northwestern and west part of the study 
area (Plate I) . 
Field Characteristics and Petroaraphy 
Exposure of fresh rock can be seen at the quarry on 
Carpenter Creek (NE~, Sec. 9, T.lS, R. 4W.) Fig. 7 shows 
a general view of the quarry. The rocks at the quarry are 
composed of several flows of blocky basalt and breccia. Thin 
sections from the basalt indicate that the rock is augite 
basalt with a pyroclastic texture. The lowest exposed flow 
is very rich in lineatea fibrous to prismatic zeolites. Each 
flow is separated by a thin layer 30 to 50 Cm thick of brick-
red basaltic ash(?). A thin section of this layer revealed 
that it contains fine ash, fine basaltic glass (hernatized), 
euhedral fresh olivine, fragments of oxyhornblende, and zoned 
plagioclase. 
Stratigraphically above these flows a remnant of hard, 
laminated yellow tuffaceous siltstone, with numerous samples 
of one kind of unidentified rnicrofossil are found. Fig. 8 shows 
a sequence of these flows as they appear at the quarry. 
Altitude of the Tillamook Volcanic beds in this quarry is 
N. 15° w. 41° E. This area represents the upper part of 
the Tillamook Volcanics of probably upper Eocene age. 
West of the north end of Hagg Lake out of the mapped 
area in The Timber quadrangle, the unit consists of basaltic 

litho-
logy 
eroded 
~~3; 
~-·-, .-·.-
Thickness 
(Meters) 
4.00 
22.00 
23.00 
25.00+ 
Description 
Yellow, hard, laminated, tuffaceous 
siltstone with numerous unidentifiable 
microfossils. 
Gray blocky basalt 
Gray blocky basalt 
Figure 8. Sequence of basalt flows and basaltic ash of Tillamook 
Volcanics found in the quarry at Carpenter Creek. 
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rocks and organic gray shale and mudstone which are yellow 
to light brown when weathered. Intrusive bodies of porphyritic 
augite basalt occur in many parts of the unit. 
Yamhill Formation 
Rocks of the Tillamook Volcanics are overlain by 
rnudstone, siltstone, and shale of The Yamhill Formation. 
The name Yamhill was proposed by Baldwin and others (1955) 
for marine sediments exposed in the type section along Mill 
Creek and The Yamhill River. Stewart (in Baldwin and others, 
1955) places most of the formation in the late Eocene) . 
The greater part of the Yamhill Formation consists of 
mudstone, siltstone, and shale with thin interbedded sand-
stone. Limited exposures occur along most of the roads of 
the area and in stream cuts, but the best exposures can be 
seen around Hagg Lake. The thickness of the unit is 
estimated to be about 1480 m in the vicinity of Hagg Lake. 
The strike of the unit is generally north to northeast. 
The dip is generally easterly with variable degrees due to 
folding and faulting of the Yamhill Formation. 
The Yamhill Formation has been intruded in many places 
by porphyritic augite basalt (Plate I). Yamhill Formation 
rock that was baked by contact with an intrusion is exposed 
by Sain Creek on the western side of Hagg Lake. The in-
trusives, which probably are of late Oligocene or early 
Miocene age (Baldwin and others, 1955), are frequently 
27 
characterized by calcite crystals filling the vugs. 
Contacts 
The contact between the Yamhill Formation and the 
Tillamook Volcanics is regarded as conformable by Schlicker 
and Deacon (1967). Noting that the bathyal Yamhill sediments 
overlie neritic Siletz River Volcanics, Mcwilliams (1972, 
1973) explained the relationship of The Yamhill to the 
underlying rocks in terms of a plate tectonics model. He 
states: 
This pattern of deep water sediments directly 
overlying shallow water sediments can be ex-
plained as due to movement of the embryonic 
shallow sea floor located on the rise above the 
rift axis into bathyal depths as the sea floor 
"spreads" off the rise. 
Field Characteristics and Petrography 
The Yamhill formation consists of thick layers of 
mudstone, shale, and siltstone, with relatively minor amounts 
of sandstone. Colors range from gray when the rocks are 
fresh to different shades of light brown, yellow, and white 
when weathered. The unit breaks down into small fragments 
when weathered. 
The sandstone interbeds are generally thin in the 
southern part of the study area as for example at locality 
No. A-40 about 1.5 km north of Lafayette. There, the 
interbedded sandstone is 30 cm thick, composed of light-brown, 
laminated, fine sandstone and siltstone (Fig. 9). 
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Structural features in this locality are the sandstone 
dikes that intrude the interbedded beds (Fig.9a) and a 
flute cast which indicates a paleocurrent direction of 30° SW. 
This is only one paleocurrent indicator, however, and may 
not be valid. No other current indicators were found in the 
Yamhill Formation. A typical section of the interbedded 
sandstone and shale is shown in Fig. 10. 
The interbedded sandstone of the Yamhill Formation 
in the central and north portion of the mapped area is 
composed of very fine to very coarse-grained sand, 
occasionally lime cemented, and contains a high percentage 
of rock fragments (Table I, Appendix). Greenish-gray cal-
acerous lenses of glauconitic sandstone are found interbedded 
with mudstone around Hagg Lake. 
Yamhill sandstone has a mean size ranging from 3.63 ~ 
to 5 ~ and is very poorly sorted, strongly fine-skewed and 
mesokurtic to leptokurtic according to Folk's graphic method 
of calculation (1974). The average percentage of sand, 
silt and clay components are 58, 30, and 12 percent 
respectively. These percentages indicate sandy siltstone 
and silty sandstone, according to the nomenclature derived by 
Folk (1974) (Fig. 11). 
Rock fragments are the major detrital constituent in 
the Yamhill sandstone, ranging from 11 percent to 88 percent. 
Volcanic fragments and glauconite are the most common type 
litho-
logy 
eroded 
..... __ ,.... -----
.......... ........ . . . . . . .. 
Thickness 
(Meters) 
1.45 
.10 
Description 
Brown shale 
~ Fine-grained, light-brown, lami-
nated, rnicaceous sandy siltstone 
~with flute cast structure. 
Shale, gray when fresh, brown 
.BO+ when weathered. 
~~·-~~~~~~---~~~~~~~~~~~~~~~~~~--
Base is not exposed 
Figure 10. Interbedded sandstone and shale of the Yamhill 
Form.'.ltion found at locality No. A-40. 
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SAND 
(a ) 
Claystone Muds tone Siltstone 
2: I 1:2 
SAND 
A STIMSON MILL BED 
• UPPER MEMBER SPENCER FORMATION 
o LOWER MEMBER SPENCER FORMATION 
c YAMHILL FORMATION 
( b ) 
CLAY ..._ ______ ___. _______ --l,. _______ ~ SILT 
2:1 1:2 
Figure 11. (a) Classification of sandstone according to Folk (1974). 
(b) Size classification of Yamhill and Spencer Formations 
and Stimson Mill bed. 
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(Table I ) . Most of the volcanic fragments are badly weathered. 
The abundance of rock fragments is successfully used in this 
study to differentiate between the Yamhill Formation and the 
overlying Spencer Formation and Stimson Mill bed. on the 
basis .of Folk's classification (1974), most of the sandstone 
of the Yamhill formation would be termed fedlspathic 
litharenite; and one sample, A-40, is an arkose (Fig. 12). 
There is ffiore than twice as much plagioclase as K-feldspar 
in this unit. The amount of plagioclase ranges from 8 to 
47 percent, averaging 23 percent. The recognized types 
of plagioclase include albite and oligoclase. Intergrowth 
of twin crystals in crossed form are common in sample No. 
A-33 of Yamhill sandstone. Zoned plagioclase is present in 
rock fragments. 
The amount of K-feldspar ranges from 2 percent to 
21 percent, averaging 10 percent. The deficiency of 
K-feldspar in The Yamhill Formation as compared with its 
abundance in the overlying Spencer Formation is another way 
of differentiating between the two units in analyzed samples 
(Table I ) . 
Percentage of subangular to subrounded quartz ranges 
from 1 to 33. A few crystals are very well rounded, in-
dicating sedimentary origin. Polycrystalline quartz ranges 
from 0 to 9 percent. Chert is very rare. Accessory minerals 
such as biotite and muscovite and opaque minerals such as 
magnetite are also present. 
011ort1 
33 
~ • • ' ( ) • !. a • z. • " • 
~ r i 
Jt ! 
~ • -' • :; 
• 
~~ ~ 
-------'------~-------1.-----~ Fret· 
6 STIMSON MILL BED 
Quartz 
• UPPER MEMBER SPENCER FORMATION 
o LOWER MEMBER SPENCER FORMATION 
c YAMHILL FORMATION 
• 
a 
( b) 
c 
Rock 
Feldspar '--------'--------"'-----___........._ ____ c ___ Frag. 
3:1 1:1 1:3 
Figure 12. (a) Classification of sandstone according to Folk (1974). 
{b) Classification of Yamhill and Spencer Formations and 
Stimson Mill bed. 
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Heavy minerals are listed in Table I. Hornblende is 
the important mineral. Its abundance is also used in differ-
entiating The Yamhill sandstone from the overlying lower 
member of the Spencer sandstone. Idiomorphic and well-rounded 
zircon are abundant in the Yamhill Formation. Idiomorphic 
Zircon is an indicator of volcanism (Folk, 1974). The well-
rounded grains which survived prolonged abrasion through 
many reworkings because of their resistant character are 
considered to be from old sedimentary rocks. 
Frimaryand secondary grain parameters of Dickinson's 
method (1970, 1979) were used in this study. The grain 
parameters were variously combined to form ternary ratios 
used for comparison of the sandstone units. Fig. 13 gives 
the average of different parameters, and Fig. 14 shows the 
triangular diagrams. The total quartz (Q) is the sum of 
monocrystalline quartz (Q ) and chert and polycrystalline 
m 
quartz (Q ) ; the total feldspar {F) is the sum of plaglo-
P 
clase (P) and K-feldspar (K); the lithic fragments (L) is 
the sum of sedimentary lithic fragments (L ) and volcanic 
s 
lithic fragments .<Lv); and the total lithic fragments (Lt) 
is the sum of L 8 , L and Q . The components of the ternary v p 
ratios QFL and Qm FLt were taken from the percentage derived 
from the point-count data. The components of the ratios Qm 
QPL and QmPK were summed and recalculated to sum to 100 
percent before they were plotted on triangular diagrams. 
Ternary ratios and diagrams show that the Yamhill 
35 
Ternary Stimson 
Ratio Yamhill L-Spencer U-Spencer Mill 
(7) ( 6) (12) ( 4) 
QFL 21,33,46 28,61,11 36,56,8 29,62,9 
QmFLT 18,33,49 24,61,15 30,57,13 25,62,13 
QmQp~ 28,6,66 58,12,30 69,13,18 54,12,34 
QmPK 30,52,18 28,35,37 36,40,24 29,34,37 
* C/Q 0.16 0.14 0.15 0.14 
P/F 0.9 0.5 0.6 0.4 
V/L 0.76 0.85 0.8 0.7 
Others 
Hornblende 15.6 1.5 18.9 7.8 
(green) 
Hornblende 2.5 0.3 1. 4 0.28 
(brown) 
Chert 0.1 0.7 0.5 0.7 
* C = Total polycrystalline quartz 
Figure 13. Ternary ratios and secondary parameters of 
Yamhill and Spencer Formations and Stimson 
Millbed. Number of samples that were re-
calculated to sum to 100 percent are shown 
in parentheses. 
Formation can be easily discriminated from the other units. 
The ternary ratios (Fig. 13) show that the abundance of 
lithic fragments and the deficiency of K-feldspar are 
characteristics of the Yamhill Formation. 
F 
F 
Figure 14 · 
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Triangular compositional diagrams (Figs. 14, a, b, 
and c, show the QFL, Q FLt, and Q QPL respectively), The m m 
Yamhill Sandstone plots near L and Lt with little or no 
quartz. Fig. 14d, the Q PK diagram, shows that part of the m 
Yamhill sandstone plot overlaps that of the Spencer sandstone. 
Fig. 14 a, b, and c shows that the average Yamhill sandstone 
Y plots near the lithic poles. In Fig. 14d, the average Y 
is located on the boundary of the Spencer plot. 
Provenance. Dickinson (1970) provided typical values 
for grain parameters derived from either volcanic, plutonic, 
or "tectonic" provenances. These values are given in Fig. 15. 
Primary & Secondary 
Parameters Volcanic Plutonic "Tectonic" 
Q low, 25 high, 50 + 25 mod, 25-50 -
F mod, 25-50 high, 50 low, 25 
L high, 50-75 low, 25 mod, 50 
* C/Q low, near 0 low, near 0 high, 0.5+ 
P/F 
V/L 
high, 1.0-0.75 
(?) 
variable variable 
high, near 1.0 variable mod, 0.5 
Special pyriboles mica "Chert-grain" 
*C = Total polycrystalline quartz 
Figure 15. Table of typical values for grain 
parameters in subquartzose sandstone 
derived from volcanic, plutonic, and 
"tectonic" provenances within orogenic 
belt (After Dickinson, 1970). 
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Compared with the Dickinson's values, then, the primary 
parameters (QFL = 21, 33, 46) and the secondary parameters 
(C/Q = 0.16, P/F = 0.9, and V/L = 0.76) of the Yamhill 
Formation all indicate a volcanic origin. A volcanic 
origin is also indicated by the abundance of basaltic 
rock fragments, an average presence of about 3 percent brown 
hornblende, and idiomorphic zircon. 
The volcanic sediments could have been derived from 
the ancestral western and High Cascades to the east. 
Snavely and Wagner (1963) suggested that that area was a 
center of volcanism during middle and late Eocene. 
Conditions of Deposition. 
In the Mill Creek area, about 35 km southwest of 
Yamhill, on the basis of microfauna, Gaston (1974), described 
the environment of deposition for the lower part of the 
Yamhill Formation as bathyal, with shallowing to neritic 
for the middle and upper parts. Lack of fossil control 
in the study area makes it difficult to determine the 
environment of deposition. The presence of glauconite, 
however, in some samples indicates a shallow environment. 
Diagenesis 
The term diagenesis includes all the physical and 
chemical changes that affect the sediments following their 
deposition. This process includes such kinds of changes 
as compaction, cementation, alteration, replacement, and 
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recrystallization. 
Compaction in the Yamhill sandstone is evidenced by 
the bent mica flakes and fractured feldspar grains. These 
effects are due to the weight of overlying material. The 
process of compaction consequently reduces the original 
volume of sediments, the amount of pore space, and the 
porosity. Argillaceous material is the most common type 
of cementing agent in Yamhill sandstone. Calcite 
occasionally occurs in many sandstone and siltstone beds. 
Chemical alteration is evidenced by signs of vacuolization, 
seritization, and kaolinization of the plagioclase. The 
most important chemical alteration in this study is the 
replacement of rock fragments by glauconite. 
Glauconite is occasionally found in thin beds and 
small lenses and within concretions, almost always with 
calcite, in Tertiary rocks of northwest Oregon. In the 
study area, the glauconite is more abundant in the Yamhill 
and Gries Ranch Formations, where in the opinion of this 
writer, it replaces rock fragments. The green pellets are 
the most important shapes and color that has been 
mentioned in almost all literature. The pellets of glau-
conite are up to 0.16 nun in diameter, with color varying 
from pale-yellow to brown when weathered to dark-green when 
fresh. 
This writer believes that different kinds of igneous 
and metamorphic rock fragments have been replaced or altered 
to glauconite pellets and they are the parent material 
representativesof these pellets. Microscopic study of 
the internal structure of glauconite pellets from the 
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Yamhill and the Gries Ranch Formations with the given 
criteria support this opinion: (1) slight appearance of 
lineation in a few pellets from the Yamhill Formation 
indicates a metamorphic rock fragment fabric; (2) other 
pellets of igneous origin show relic minute laths of 
plagioclase and minute aggregates of magnetite; (3) 
different shapes of glauconite pellets are also very similar 
to shapes of rock fragments; (4) Ojakangas and Keller (1964) 
found that some Carrbrian rhyolite rock fragments from 
Missouri are replaced by glauconite; (5) many workers, for 
example, Triplehorn (1961) have noted the widespread 
occurrence of glauconite in two geologic periods: early 
Paleozoic and late Cretaceous-eartly Tertiary. These periods 
were characterized by orogenic events, where erosion supplied 
large amounts of such fragments to depositional basins. 
Presence of glauconite in Tertiary rocks of northwest Oregon 
in the Yamhill and Gries Ranch Formations is also interpreted 
in this manner because of the prevalent volcanism in that 
period of time which supplied a large amount of rock frag-
ments to the depositional basin. These, in turn, altered 
to glauconite; and (7) throughout the literature, reported 
differences in chemical composition and mineralogy support 
the idea of the rock fragment parent material. These 
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differences are the result of different rock fragment source 
material and the constituents reflect the heterogeneity of 
glauconite. 
Pseudornorphism tends to be a prevailing mechanism in 
the occurrence of glauconite. All writers, for example 
refer to the replacement of Foraminifera, molluscs, biotite, 
organic substances, and rock fragments by glauconite. 
This replacement occurs because the mineral glauconite 
has a tendency to build its structure lattice on any foreign 
material such as degraded rock fragments or microfragments 
of feldspar and magnetite that are attached shells or other 
organic substances. 
The lobate structure of glauconite or the veinlets, as 
they appear under the microscope, within the pellets are 
paths of the reacted solutions. Their occurrence initially 
started as the rock fragments transported from the source 
area, ~pots on their surfaces are degraded or damaged in some 
way. The process of glauconization in the depositional 
basin begins on these weak spots by the solutions exchange. 
The random distribution of glauconite veinlets within a 
pellet reflects the initial damage done to the surface during 
transportation. 
~e and Correlation 
Schlicker (1962) states that fossils collected in the 
Yamhill area by Snavely and identified by Rau are indicative 
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of Lairning's A-2 of late Eocene. According to the micro-
fauna collected from the Mill Creek section Rau (in Baldwin 
1964 and Gaston (1974) place the Yamhill Formation almost 
entirely in the late Eocene. Gaston (1974) correlated 
the Yamhill Formation as follows: 
California 
Kreyenhagen-
Alharnbra 
Oregon 
Yamhill-Toledo 
Coaledo 
Spencer Formation 
Washington 
Mcintoch-
Aldwell 
The Yamhill Formation is overlain by thin-bedded 
to massive, light-gray to tan, fine-grained fossiliferous 
rnicaceous arkosic sandy siltstone of the Spencer Formation. 
The name was proposed by Turner (1938) for the fossiliferous 
sandstone and shale which crops out about 16 Km west southwest 
of the City of Eugene. The Spencer Formation was extended 
from its type locality near Eugene into Yamhill County by 
Schlicker (1962) . 
The Spencer Formation in Yamhill and Washington 
Counties is exposed in a belt about 27 Km long. It extends 
from about 4 Km northwest of Scoggin Darn at Hagg Lake in 
Washington County southward into Yamhill County about 2 Km 
north of Lafayette (Plate I). The width of the belt ranges 
from about 1/4 Km in the north portion to 3 Km in the South. 
Throughout the study area, the Spencer Formation 
appears most frequently to be bedded, laminated, and mostly 
44 
friable sandstone. Because of some differences, however, 
the formation was divided into lower and upper member by 
this author. 
Careful examination of outcrops and cores from drill 
holes from Scoggin Dam and some water wells indicates that 
the lower and upper member are almost entirely hornogenous 
sand bodies with no interbedded shale or mudstone. However, 
the uppermost layer of the upper member contains thinly 
interbedded mudstone. 
One of the best exposures and thickest section of 
about 400 m is located at Williams Canyon south of Hagg 
Lake and west of Gaston City, where logging roads cut 
through the well-bedded Spencer sandstone. The second best 
and most continuous exposure where the bottom and top of 
the Spencer Formation can be seen is located at Scoggin 
Dam area. In this area, a northwest-trend fault cut into 
the Hagg Lake and superimposed the Scoggin Creek (Plate I) . 
The west side of the fault, represents the upthrown side 
where the lower and upper member can be traced on the hill 
that overlooks Hagg Lake (Fig. 16). The east side of the 
fault represent the downthrown side, where the uppermost 
member is exposed. The total thickness in this area is 
about 340 m. 
The color, which is one of the important physical 
properties used in mapping, is very similar for both of 
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the two members. The most readily recognized colors for 
weathered sandstone are yellowish gray (5Y7/2). The indurated 
rocks are moderate olive brown (5Y4/4) with different shades 
of yellowish brown colors. 
The Spencer Formation is indeed a very good mappable 
sand unit because of its distinctive physical properties. 
The most two important properties are (1) homogeneity of 
the weathered color throughout the area; and (2) there is 
no interbedded mudstone except in the uppermost member. 
In addition, other features are also diagnostic such as 
(1) unit is thin bedded to massive, with very rare 
spheroidal weathering or fracturing; (2) laminae are 
present in the lower and upper members; (3) mica is abundant; 
and, (4) unit tends to form resistant and steep 
walls or cliffs in road cuts. 
Mapping of the Spencer Formation in Yamhill and 
Washington Counties was done mostly on the basis of field 
observation, except for localities Nos. A-31 and A-33, where 
Yamhill sandstone underlies the Spencer sandstone, with 
which it can be confused. The petrographic analysis, however, 
shows the abundance of rock fragments and hornblende and 
the deficiency of K-feldspar, are the identifying character-
istics of Yamhill sandstone (Table I, Appendix). 
The sandstone belt of the Spencer Formation in the 
study area is discontinuous for short intervals in several 
47 
places, possibly due to alluvial cover, pinching out, or 
faulting. The gap at the Cove Orchard is one of the 
important parts of the discontinuity (Plate I). This part, 
however, is mapped as Spencer Formation by Schlicker and 
Deacon (1967). This author, does not find any considerable 
thickness of sandstone in this gap and therefore mapped it 
as part of the Yamhill Formation. The thin interbedded 
sandstone with mudstone as a characteristic of Yamhill 
Formation is shown in the section (Fig. 17) at the locality 
No. A-55. No mudstone is founa in the Spencer Formation 
anywhere in the study area, with the exception of the upper-
most member, which is shown in the section (Fig. 21) and 
Plate IIb) . The petrographic analysis supports the field 
evidence. Sample A-55 (Table I, Appendix) shows that 
the abundance of rock fragments and the deficiency of K-
feldspar are characteristic of the Yamhill Formation. 
The discontinuity at Cove Orchard can be interpreted 
in different ways: (1) The missing part represents a 
complex folded and faulted zone area from which the broken 
material has been removed; (2) The Spencer sandstone may' 
be pinched out because of non-deposition. The non-deposition 
part may be due to the occurrence of a high ridge of the 
underlying Yamhill Formation or water inlet body, such as 
submarine canyon or stream valley. 
Various thicknesses of the Spencer Formation have been 
reported from its type section at Eugene to the study area 
litho-
logy 
Top not exposed 
----
Thickness 
Meters 
1.40 
.16 
.80 
.10 
.80+ 
Base not exposed 
Description 
Light gray to white mudstone 
Light gray to light yellow 
basaltic sandstone 
Light gray to white 
mud stone 
Light yellow basaltic 
sandstone 
Light gray to light yellow 
mud stone 
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Figure 17 · Interbedded sandst_one and mud stone of the Yamhi 11 
Formation found at locality No. A-55. 
49 
in Yamhill County: 640 to 850 m in the vicinity of Eugene 
(Vokes and others, 1951); 1,350 m in the Corvallis area 
(Vokes and others, 1954); 75 to 150 min the Drain-Anlauf 
(Hoover, 1963); and at least 450 min The Dalles area 
(Baldwin, 1964). In the study area, the maximum thickness 
is about 400 m. 
The strike of the beds in the Spencer Formation are 
generally to the northwest; the dip varies from 7° to 35° 
to the east and northeast, probably because of the faults 
or minor folds. 
Schlicker (1962) states that nine samples from the 
Spencer sandstone were tested for permeability and porosity 
indicate that the sand has good permeability and porosity. 
This character beside the considerable thickness of the 
sand unit, the interfingering with the overlying Stimson 
Mill bed, and faultings throughout the area all may indicate 
a possibility of the occurrance of stratigraphic and/or 
structural oil traps. 
Contacts 
The nature of the contact between the Spencer and 
underlying eroded Yamhill Formation indicates that there is 
an unconformity between the two units. In some locations, 
the Spencer sandstone overlies the sandstone of the Yamhill 
formation; in other places it overlies either Yamhill 
siltstone or mudstone .. For example, at Williams Canyon Sec. 5 
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locality No. A-31, the Spencer sandstone overlies the 
Yamhill sandstone. The cores from dill holes taken from 
Scoggin Dam, wells Nos. DH6 and DH 21 (U.S. Department 
of the Interior report, 1972) show a sharp contact between 
the Spencer sandstone and Yamhill siltstone (Plate IIb) . 
T~e contact between the Spencer and Yamhill Formations 
is also reported as an uncomformable in the Eugene area 
(Turner, 1938; Gandera, 1977) and in the Corvallis area 
(Vokes and others, 1954). Baldwin (1947) states that 
late Eocene strata throughout western Oregon usually rests 
unconformably upon Tyee or older strata. 
Field Characteristics and Petrography of the Lower Member 
The best exposure of the lower member is located on the 
west side of Williams Canyon, a tributary of the Tualatin 
River, South of Hagg Lake. Three branches of logging roads 
are cut in this area. The lower member can be traced on the 
northern branch of the logging road (Plate I, Sec. 5). In 
this area, near the locality No. A-31 the lower member 
consists of thin-bedded to massive sandstone. Beds are 
about 30 cm thick and dip 14° toward the east. Each bed 
consists of fine laminae (Fig. 18b). 
The writer examined the core from drill hole DH6 
shown in the geologic section B-B' (Plate IIb) from the U.S. 
Department of the Interior report (1972). The drill hole 
situated on the foot of the hill a short distance southwest 
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of the Scoggin Darn (Plate I) , on the upthrown side of the 
fault, penetrated the lower member of the Spencer Formation. 
The Spencer sandstone lies in sharp contact with Yamhill 
siltstone at depth of 38 rn. The siltstone is calcareous, 
hard, light gray, with numerous unidentifiable forarninefera. 
The sandstone of the core is friable, light gray bleached 
to light brown. 
Lenses up to 10 rn long and blocks up to 150 Cm in 
diameter composed of a gray basaltic pebbly sandstone and 
numerous fossils, are scattered at the foot of the hill and 
uphill almost up to the middle of the formation. In addition, 
calcareous concretions and pebbly sandstone blocks are also 
scattered on the shore of the lake, in the area of fossil 
locality No. PSUB0003. The pebbles are fairly fresh, gray 
in color, subangular to subrounded, up to 1 cm in diameter. 
The angularity and freshness of these pebbles indicate a 
near source area and rapid deposition. 
Thin sections revealed that the pebbles are of 
porphyritic-clinopyroxene basalt (?) with tabular plagio-
clase phenocrysts up to 1.5 mm, some of the plagioclase 
crystals are zoned (albitic) and partly altered to clay 
minerals, epidote, and calcite. When the clinopyroxene is 
completely altered, it is only recognized by its outline. 
Quartz is also present as a secondary mineral filling some 
veinlets. Clusters of iron oxides, calcite, and chlorite 
are present. The porphyritic crystals are set in a radial 
tiny matrix. Hoover (1963} marked the base of the lower 
member of the Spencer Formation by a bed of a pebble 
conglomerate 35 to 45 cm thick in the Anlauf area. 
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Fossils, carbonaceous material, burrows and mud clasts, 
are not common compared to their abundance in the upper 
member. Cross-bedding was not found. 
The lower member sandstone has a mean size ranging 
from 3.76 ~ to4.51 ~and is poorly sorted, strongly fine-
skewed,and leptokurtic. The average percentages of sand, 
silt, and clay are 67, 26, and 7 percent respectively. 
This sand is classified as silty sandstone and muddy sand-
stone (Fig. 11). 
K-feldspar is the major detrital mineral, comprising 
15 to 59 percent of the six analyzed samples. The 
recognized types of K-feldspar include sanidine and micro-
cline, which are also present in the upper member. Sanidine 
is distinguished by its low optic angle. It is character-
istically found in extrusive rocks such as rhyolite and 
trachyte that cooled quickly from high temperature melt 
(Hurlbut and Klein, 1977) . Microcline is distinguished by 
grid twinning. It is a prominent constituent of igneous 
rocks that cooled slowly at considerable depth (Hurlbut 
and Klein, 1977). 
Plagioclase is the second most abundant mineral 
comprising from 17 to 36 percent of the samples. Thin 
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sections were used to differentiate the different plagio-
clase minerals. The recognized types include albite and 
oligoclase and were determined by Levy's method (Rerr, 1959, 
p. 258). Albite and oligoclase minerals are present in the 
Yamhill and Spencer Formations and the Stimson Mill bed. 
These two minerals are characteristic of spilitic rocks. 
Zoned plagioclase of albite composition is also present in 
rock fragments of the lower and upper members of the Spencer 
Formation. The chemical composition of non-twinned plagio-
clase is hard to determine since its optical properties are 
very similar to those of K-feldspar. 
Quartz in the lower member ranges from 10 to 42 percent. 
In both the lower and upper members of the Spencer Formation, 
the following types of quartz are present: (1) sub-angular, 
subequal, to elongate clear crystals indicating a volcanic 
origin as rhyolite, latite or dacite (Folk, 1974): (2) 
occasional small and well-rounded grains probably indicating 
a second cycle of sedimentation; (3) some anhedral, undulose 
crystals with a few inclusions indicating granitic or 
gneissicorigin (Folk, 1974); (4) composite quartz grains 
some with straight boundaries and equidimensional shape, 
others with sutured boundaries (Fig. 23a), indicating either 
a metamorphic or volcanic origin (Pettijohn, 19751 p. 202); 
and (5) fragments of chert, a type of chemically precipitated 
cryptocrystalline silica counted as rock fragments in these 
analyses. 
Rock fragments are mainly of volcanic origin, but a 
few metamorphic rock fragments are also present. Three 
samples out of six have a few grains of glauconite. The 
sandstone of the 1 ower member is classified as arkose 
(Fig. 12). 
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Mica flakes are very abundant in the lower and upper 
members of the Spencer Formation and Stimson Mill bed, 
making up from 3 to 9 percent of the thin sections. The 
amount of mica in these two units exceeds that of the 
underlying Yamhill Formation. In the Spencer Formation, 
sometimes mica flakes are concentrated between beds, yielding 
a fissile rock with a lustrous sheen. Flakes are more or 
less oriented. Biotite in the lower and upper members 
exceeds muscovite by about 3:1. Some of it is leached to 
a pale-gold and light-green color. Mica is found in many 
diverse geological environments; it occurs in almost all 
igneous and metamorphic rocks. 
Heavy minerals include green and brown hornblende, 
which comprises from O to 4 percent of the samples. Epidote 
is the most abundant of the heavy minerals in the Spencer 
Formation, averaging 65 percent in the lower member and 50 
percent in the upper member. Epidote is recognized by its 
pleochr9ic yellow color and the polycrystalline grain form. 
A large proportion of the crystals are weathered. The source 
of the epidote is glaucophane schist and green schist. Zircon 
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averages 13 percent in the lower member and 14 percent in 
the upper member (Table I ) . Zircon is found in the Yam-
hill and Spencer Formations and the Stimson Mill bed in 
the following shapes: euhedral crystals; sl:Lghtly worn, 
terminated prisms; crystals broken in half; and well-
rounded grains. The color of the grains ranges from clean, 
occasionally with inclusion in the elongate forms, to pink 
in well-rounded grains. Garnet, sphene, rutile, tourmaline, 
and apatite are present in different proportions listed in 
Table I. 
Field Characteristics and Petrography of the.Upper Member 
The upper member is well exposed in many parts of the 
area, but the uppermost part is badly weathered and exten-
sively covered. The best outcrops of the upper member can 
be seen in the area of Scoggin Darn; along Patton Valley 
Road, Old Cove Orchard Road, and Woodland Loop. The upper 
member consist of thin-bedded to massive, fossiliferous, 
micaceous, silty sandstone. 
The upper member is somewhat different from the lower 
member in its texturaland structural character. Observations 
in the field revealed that the upper member is more fossili-
ferous than the lower member and is, occasionally calcareous; 
pebbly, carbonaceous, and cross-bedded. Mud clasts, 
laminations, burrows, and concretions are much more conunon 
in the upper member than in the lower member. 
Megafossils are very abundant in the upper member. 
Eighteen species collected from different parts of the 
area indicate a Tejon stage (Plate I) and (Table III, 
Appendix) . 
Calcareous sandstone zones occasionally occur, as 
for example, in localities Nos. A-5 and A-11 (Plate I). 
At locality No. A-11 which is located on Williams Canyon 
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there is a lens about 20 cm thick of calcareous and highly 
fossiliferous sandstone exposed above the road. A pile of 
gastropods and disarticulated pelecypods (PSUBOOOS, Table III, 
and Plate I) with basaltic pebbles and numerous mud clasts 
indicates transportation of these fossils. Because this 
rock is too hard to be dug, the depth of this lens un-
fortunately is unknown. 
A 3 to 4 m thick unfossiliferous calcareous bed occurs 
at locality No. A-5 on Patton Valley Road. Petroglyphs 
were found on a similar calcareous outcrop a short distance 
uphill to the northwest. Samples for textural analysis from 
both localities were taken from noncalcareous cemented 
sand. 
Throughout the upper member pebbly lenses are occasion-
ally found. For example, in addition to the scattered 
basaltic pebbles at locality No. A-5 there is also a thin 
15 cm thick lens of pebbles,small chunks of mudstone, and 
some shells. In the vicinity of locality No. A-105, a 4-m-
thick pebbly lens also occurs. An extension of this lens 
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can also be seen south southeast of this locality on Highway 
240, Sec. 7. 240, Sec. 7. The thickness here is about 2 m. 
This lens is probably a channel. The badly weathered pebbles 
are white to yellow to very light gray in color, subangular 
to well rounded and range in size up to 3 cm. In thin 
sections these pebbles are seen to be probably of porphyritic 
basalt rock. They consist of tabular plagioclase crystals 
up to 1.3 nun long, set in a cryptocrystalline ground mass. 
All other minerals are badly altered and unidentifiable. 
Carbonaceous material in the form of thin seams, bits, 
pieces of woody carbon, and thin beds are very common 
in the upper member. Seams up to 1 cm thick of brittle 
coal are best seen on the Old Cove Orchard Road. Bits of 
carbon and carbonaceous sand are common throughout the area. 
Pieces of carbonized wood up to 40 cm long seem to be 
restricted to the uppermost part of the Spencer Formation, 
some are found within concretions on the Hagg Lake shore. 
A thin zone of coal of about 30 cm thick occurs with slumped 
material on the bank of a creek that can be reached from 
Woodland Loop Road (SW 1/4 Sec. 36 T 25, R. 4W.) The 
location is an abandoned coal mine (State of Oregon Dept. 
Geol. and Mineral Industry., 1951, p. 156). According to 
that report: 
In 1903 Stafford (1904) reported that the Portland 
Coal and Development Company was opening a bed near 
North Yamhill. "The mine, which has been worked for 
a year, has a tunnel system 1,500 feet in extent, 
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giving 700 feet horizontal depth and 400 feet 
vertical depth." According to local information 
this mine was worked until 1907 before closing down. 
Abandoned coal prospects have also been reported in 
the upper member of the Spencer Formation in Anlauf and 
Eugene by Hoover (1963) and Gandera (1977) respectively. 
Small scale planar and trough sets of beds are 
occasionally developed in the upper member, but well pre-
served ones were found only on two outcrops. The first is 
located on South Road West of Gaston City, and the second 
is on the Old Cove Orchard Road, north of Cove Orchard 
(Plate I). The average of several readings of current 
direction in the two localities shows N65° W. for the first 
locality and Nl2° W. for the second one, indicating that 
sediments came from southeast and south-southeast. 
Mud clasts, probably resulting from slumping are common 
with upper member throughout the area. In general, some of 
the factors that contribute to the slumping are oversteepening 
of the topography, tectonism, or storms. Because of the 
small size of these mud clasts in the Spencer Formation, they 
can be interpreted as a synsedimentary slump structures, 
resulting from steepening of the topography. Blocks and 
pieces of older rocks, probably Yamhill mudstone, may .have 
slumped into moving waters, where they were broken down into 
small pieces. Some of these smaller pieces, were completely 
broken down and carried away; others survived transportation 
and were redeposited with the Spencer sand elsewhere. The 
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size and the shape of these clast vary but most are few 
millimeter in size. A very well developed rip-up structure 
occurs ·in the fault zone at locality No. 121 (Fig. 19). 
Laminations are features that are very obvious through-
out the whole formation both vertically and laterally. Fig. 
18a shows the lamination of the upper member at locality No. 
A-105. 
Concretions are common in the upper member. The best 
preserved and exposed concretionary zone can be seen in the 
uppermost part of the upper member on the shore of Hagg 
Lake, a short distance northwest of Scoggin Darn. These 
concretions can only be seen during the fall, from late 
August to December. At that time, the bed rock on the 
shore is well exposed because the water level of the lake 
is considerably lower than at other times of the year. The 
concretions are very large, up to 160 cm in diameter (Fig. 
20). They consist of a calcareous, light gray, hard core 
and an oxidized, purplish-brown outer part. Several meters 
east of this zone small concretions of mudstone occur. They 
are aboutlO to 20 cm in diameter. The inner core is very 
small, no more than 1 cm in diameter, and is composed of 
friable sand. The rest of the concretion is made of mudstone 
with burrow structures. 
These mudstone concretions and thin discontinuous 
mudstone beds as thin as 1 cm are part of the mudstone layer 
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in the uppermost member of the Spencer Formation that mark 
the transition between the Spencer and the Stimson Mill bed. 
The uppermost part of the upper member is badly weathered, 
covered with vegetation, or completely eroded away in most 
of the area. The best exposed outcrop can be seen in the 
vicinity of Hagg Lake, a short distance northwest of the darn. 
Fig. 21 shows a section which can be seen only in the fall 
season of the year. The base of the section is concealed 
under the water. The lower part of the section is composed 
of fine-grained, light-gray to light-purplish brown sandstone 
and contains fossils, plant debris, and burrows. Concretions 
5 to 18 cm in diameter are conunon, and a shark tooth was 
found within a concretion. This layer grades laterally east-
ward to the concretionary zone metnioned above. Above this 
layer is a brown, platy-jointed sandstone with plates 0.5 to 
5 cffi thick. Light yellow mudstone overlies the platy sandstone. 
The layer of mudstone is terminated by a vertical 
gouge zone filled with sandstone, indicating a small fault. 
On the other side of the fault zone mudstone layer is 
missing. The gouge zone is about 1.0 m wide at the top and 
20 cm wide at the bottom of the section. The layer that 
overlies the mudstone layer is a yellowish-brown, spheriodally 
weathered sandstone. Notice that all sandstone layers are 
micaceous and fossiliferous. Burrows are very common in 
the uppermost member. Fig. 22 shows some burrows found on 
an outcrop about 100 m east of the dam, where 30 cm thick of 
litho-
logy 
eroded 
________ ,. 
- -----.. 
~---­----..._, __ -· --------
Thickness 
(Meter) 
4.80 
1.10 
2.00 
11. 80+ 
Base is not exposed 
Description 
Fine-grained, yellowish-brown, 
micaceous, fossiliferous sandstone; 
spheroidally weathered. 
Light-yellow mudstone 
Platey brown sandstone; plates 
vary in thickness from 0.5 to 5 cm. 
Fine-grained, light gray to yellowish, 
brown, micaceous, fossiliferous 
sandstone; concretions 5 to 18 cm 
in diameter, plant debris, and 
burrows are common. 
Figure 21. Interbedded sandstone and mudstone of the upper 
member of the Spenct•r Forrn.1 ti on, exposed .J t the 
shore of Hagg Lnkc, ;1 short distance northwest of 
the Scoggin Dam. 
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gray shale interbeds the sandstone. 
A large number of concretions are also found on the 
opposite side of the lake, on the west side of the Scoggin 
Creek fault. These concretions were transported, but their 
exact place of origin is unknown. They may have been 
transported from the uppermost member on the east side during 
the dam construction or they may belong to the lower member. 
Although the thin section revealed that the mineralogy of 
these concretions is similar to that of the concretion of 
the uppermost member, the two types of concretions differ 
in their physical appearance, these latter concretions contain 
numerous fossils, burrows, large pieces of carbonized wood, 
and small previously developed concretions. Well-preserved 
crab claw was found in one of the small concretions. 
Thin sections showed that the calcareous concretions 
contain all light and heavy minerals of the upper member. 
Sutured quartz and sanidine crystals up to 1.5 mm long are 
present (Fig. 23). 
The uppermost member described above is most likely 
correlative to those sections described at Helmick Hill and 
Buena Vista as the Helmick bed by Mundorf£ (1939), because 
of the similarities in their environment of deposition and 
their characteristic concretionary zones, platy sandstone, 
invertebrate and plant fossils and interbedded mudstone. 
The upper member of the Spencer sandstone has a mean 
size ranging from 2.71 ~to 4.50 ~and is poorly sorted, 
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strongly fine-skewed, and leptokurtic. The average 
percentages of sand, silt, and clay are 72, 20, and 8 percent, 
respectively. This sand is classified as silty sandstone 
(.Fig. 11) . 
Quartz is the major detrital mineral in the upper 
member of the Spencer Formation comprising 11 to 59 percent 
of the twelve analyzed samples. Plagioclase is the second 
mineral in abundance, ranges fro 16 to 49 percent. K-
feldspar ranges from 7 to 35 percent. Rock fragments are 
mainly volcanic in origin. One sample out of twelve has 
a few grains of glauconite. The sandstone of the upper 
member is classified as arkose (Fig. 12). 
Green hornblende ranges from 0 to 35 percent, and 
the brown hornblende ranges from 0 to 6 percent. Most of the 
samples of the upper member show a higher percentage of 
hornblende than those of the lower member (Table I, Appendix). 
One grain of glaucophane was found in Sample No. A-53 of the 
upper Spencer Formation indicating a metamorphic source. 
Other heavy minerals are listed in Table I (Appendix) . 
The petrographic analyses of six samples from the lower 
member of the Spe~cer Formation and twelve samples from the 
upper member show a significant difference between the two 
members. The abundance of green and brown hornblende in 
the upper member averaging 20 percent and deficiency of this 
mineral in the lower member averaging 2 percent is one of 
the evidences (Table I ) . According to Dickinson's para-
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meters (Fig 13) the ratio of the total quartz (Q) and the 
ratio of monocrystalline quartz (Q ) to the other components m 
in the lower member are less than those of the upper member, 
and the ratio of lithics in the upper member exceeds that 
of the lower one. A significant difference can also be 
noticed by the plots of the averages of the lower member 
of the Spencer (1-S) and the upper member (u-S) in the 
diagrams (Fig. 14). 
Provenance 
When studying sedimentary rocks, geologists make every 
effort to determine the source area, the provenance, from 
which the sediments came. Both time and place, however, 
shouldbe kept in mind when determining the provenance and 
discussingand presenting the criteria by which it was 
identified. Sedimentary structures and petrology of the 
sediments are the two main factors studied to determine 
provenance. Sedimentary structures help geologists to 
determine the direction of transported sediments. Mineral 
composition and constituents of sediments are other useful 
criteria that help point to the source, if the region is 
well known and studied. 
In the case of the Spencer Formation ambiguity and 
difficulties seem to prevail, at least at this time when 
attemptingtodetermine the source rock area. Any inter-
pretation can be speculative only. The difficulties can 
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be summarized in this way: (1) The younger, thick cover 
of the Columbia River Basalt Group to the east conceals the 
older underlying rocks which might have contributed some of 
the sediments if the sedimentary basin had been situated to 
the east, as suggested by Snavely (1963, 1939); (2) the 
presence of the middle Eocene Siletz River volcanics and 
Tillamook volcanics that border the Spencer Formation 
to the west makes it possible to suggest that Spencer sedi-
ments may have been derived from the west, with the location 
of the sedimentary basin opposite of that indicated in (1). 
This possibility is suggested by Schlicker (1962); (3) the 
lack of sedimentary structures along the extension of the 
strandline of the Spencer Formation from Eugene northward to 
Yamhill adds another obstacle for determining the direction 
of the transported sediments; and (4) the petrographic analysis 
as previously described, shows that the presence of minerals 
found in many types of rocks make it difficult to relate 
this unit to a specific one source area in Oregon. 
Fig. 13 shows that the primary and secondary parameters, 
respectively, of the lower member are the following: QFL = 
28, 61, 11; and C/Q = 0.14, P/F = 0.15, V/L = 0.85 .. The 
primary and secondary parameters respectively of the upper 
member are QF1 = 36, 56, 8; and C/Q = 0.15, P/F = 0.6, V/L = 
1.8. All these values indicate a plutonic origin compared 
with Dickinson's values (Fig. 15). 
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Abundance of epidote and green hornblende Table I 
(Appendix) indicate metamorphic for the former and either 
metamorphic or plutonic for the latter. Presence of some 
clear quartz, brown hornblende, and idiomorphic zircon are 
indicatives of volcanic source. The abundance of mica may 
indicate more than one source, such as metamorphic, igneous, 
or older sedimentary units, such as Tyee or Yamhill Formations. 
The presence of minor amount of chert indicate a tectonic 
origin. The abundance of fresh and weathered feldspar 
indicates a near source and rapid deposition and short 
distance of transportation (Folk, 1974). According to the 
available knowledge of the distribution of rocks in Oregon, 
the source is not likely to have been to the west because the 
minerals of the Spencer Formation are heterogenous, and 
the source rocks to the west are basaltic volcanic rocks. 
The two possible sources that match the mineralogy of the 
Spencer are the east and the south. 
The probably supply area of a part of the Spencer 
sandstone was located to the east in the area almost 
covered by the western and High Cascades. 
The other source area that may have contributed the 
other part to the Spencer sandstone as well as to many 
otherTertiary sedimenrary rocks of the Oregon basin are 
located to the south. The Klamath Mountain region of pre-
Tertiary rock consists of igneous, metamorphic, and 
sedimentary rocks. Many workers such as (Diller, 1896; 
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Vokes and others, 1951, Snavely and Wagner, 1963; and Newton, 
1969) refer to the Klamath Mountains as a main source for the 
Tertiary sediments of the Oregon and Washington basin. 
The two indicators of current direction (seep. 59) 
(Plate I) indicate currents from the south and the south-
southeast directions. 
Conditions of Deposition 
The conditions of deposition refer to the environment 
factors that control the depositional process. Potter (1967) 
defined the concept of environment as a "set of values of 
physical and chemical variables that correspond to a geomor-
phic unit of stated size and shape." The only way for 
evaluating and recognizing the ancient sand deposit is to 
compare it with well documented recent sand deposits. 
In the case of the Spencer Formation, the analogous 
prevailing texture and structures along its extension from 
its type locality at Eugene to the Yamhill area, prove beyond 
a doubt that this sand is a genetic sand unit, deposited 
everywhere in almost similar conditions. These character-
istics, again, can be summarized as (1) the abundance of 
feldspar which exceeds quartz indicating the same source; 
(2) presence of thin-bedded, platy beds with laminations; 
(3) abundance of fossils, pebbly lenses, and coal beds in 
the upper member; and (4) presence of concretions and burrows. 
Many of these structures are characteristic features of the 
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near shore zone. In addition, the geometry of the lineation 
of this unit that is exposed intermittently for a distance 
of 160 Km with an almost parallel depositional strike is 
good evidence of a shore or shallow shelf zone. If the 
comparison of ecologic conditions with modern mollusc genera 
is valid, then the list provided by Gandera (1977) and the 
list given in this study (Table III, Appendix) prove that most 
of the fossils are from the intertidal zone to a depth of 
less than 200 m. The ecological data presented in these 
lists were taken from Keen and Coan (1974). 
Diagenesis 
Compaction of the sediments is indicated by the bent 
mica flakes and fractured feldspar grains. Four types of 
cementing materials are found in Spencer Formation rocks. 
The material that most often cements and also hardens the 
rock is argillaceous. The calcareous beds and concretions, 
however, are cemented by calcite. Some hard bands are 
cemented by iron oxide. An unidentified fibrous material 
described by Gandera (1977, p. 44) occasionally can be 
observed as cement between grains in thin sections. 
Evidences of chemical alteration appear in most of the 
detrital minerals of the Spencer sandstone. Plagiocla~e, 
both in individual grains and in rock fragments, shows sign 
of vacuolization, seritization, and kaolinization. Horn-
blende and biotite are altered to chlorite, most of the 
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white mica is leached from biotite, and magnetite is 
oxidized into reddish hematite. 
Some of the rock fragments are changed into olive 
colored colloidal material and others are changed into 
green glauconite. Pebbles from blocks and pebbly lenses 
that are scattered to the west of the fault at Hagg Lake 
show alteration of plagioclase into epidote (saussuriti-
zation). Calcite in concretions and in the calcareous beds 
have partly to completely replaced all the grains that 
originally composed the rock. Corrosion of the detrital 
minerals is very obvious (Fig. 23b). The thin sections 
show that more than 50 percent of the ground mass has been 
replaced by calcite. 
Age and Correlation 
Turner (1938) in his description of the type locality 
in the vicinity of Eugene, states that the invertebrate faunas 
indicate that the beds represent a portion of the Cowlitz 
epoch of deposition. Turner used the following fauna as 
index fossils, Turritella uvasana stewarti (Merriam),Ficopsis 
cowlitzensis (Weaver), and Pi tar eocenica (Weaver and 
Palmer). He summarized the relative stratigraphic position 
of the formations and their correlation as follows: 
California 
Tejon 
Domengine 
Ca pay 
Oregon 
Coaledo-Spencer 
Tyee 
Umpqua 
Washington 
Cowlitz 
? 
? 
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Fossils that were identified from the Spencer Formation 
along its extension northward to Yamhill support Turner's 
work in determining the age. These fossils have been 
recorded by Mundroff (1939), Vokes and others (1951, 1954), 
and Hoover (1963) . 
In the study area in Yamhill and Washington Counties, 
Schlicker and Deacon (1967) dated Spencer Formation as 
Narizian (late Eocene) age according to the microfauna 
asserrblage collected from the U. S. Bureau of Reclamation 
Foundation boring at the proposed Scoggin Creek dam. 
This writer collected 18 species of megafossils from 
different parts of the study area (Plate I) . The identi-
fication has been done by Dr. Carol Hickman, who indicated 
an age of Tejon stage (late Eocene). Table III (Appendix) 
give a checklist of these fossils. The checklist also 
includes two localities Ml39 and Ml40 from Warren and others 
(1945) . Ml39 is located a short distance northeast of 
Scoggin Dam and Ml40 is to the southwest of the dam, on the 
foot of the hill (Fig. 16). 
Fossil plants and shark teeth seem to be also conunon 
in the Spencer Formation throughout its length of outcrop. 
For example, Brown (in Hoover, 1963) identified some fossil 
plants collected from the Drain-Anlauf area and assigned 
them to late Eocene age. One shark tooth has been found 
by this writer within a concretion in the vicinity of 
Scoggin Dam. Welton (1972) refers to more than 2,000 teeth 
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collected from Helmick Hill. A checklist of some identi-
fiable teeth is given in his article. 
STIMSON MILL BED 
The Spencer Formation is overlain by and intertongues 
with a unit of interbedded sandstone, siltstone, and mud-
stone, named here the Stimson Mill bed. Stimson Mill is 
a sawmill and plywood plant located a short distance south-
east of Scoggin Dam. 
This bed is extensively covered with soil and vegetation. 
Poor exposures can be seen along the network of roads of the 
area. The cliff southwest of Stimson Mill, the Patton Valley 
Road, and the South Road are the best exposures. Exposures 
of this interbedded sequence are more than 30 m thick. 
All the beds are weathered, massive, and range in color from 
light yellow to yellowish-brown to tan. Stimson Mill bed is 
estimated to be about 1,370 m thick in the vicinity of Hagg 
Lake. 
Contacts 
The nature of contact between the Stimson Mill bed and 
the Spencer Formation is intertonguing. This relationship 
is evidenced by the field characteristics and petrographic 
analyses. The area around the Scoggin Dam is the best place 
to find the interbedded mudstone of the Stimson Mill bed, 
where it marks the transition between these two units. 
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The mudstone beds are about 30 cm to 1 m thick. The inter-
tonguing relationship is shown on the geologic cross-section 
(Plate IIb) . Because of the intertonguing relationship of 
these two units, the map contact between them was arbitrarily 
drawn where a thick layer of Stimson Mill mudstone appeared 
stratigraphically above the Spencer sandstone. 
Field Characteristics and Petrography 
Rocks of the Stimson Mill bed are interbedded sandstone, 
mudstone, and siltstone. Mudstone layers are occasionally 
found intertongued with the upper member of the Spencer 
Formation. These tongues are 30 cm to 1.0 m thick in the 
vicinity of Scoggin Dam (Fig. 21 and Plate IIb). Field 
characteristics of rock color and abundance of mica, and 
petrographic analyses (Fig. 13, 14) and (Table I, Appendix), 
all show that Stimson Mill sandstone resembles the Spencer 
sandstone thereby assuring the intertonguing relationship. 
Sedimentary structures are not discernible due to 
intensive weathering. Poor laminae in weathered blocks of 
sandstone were observed at Dundee Road, a branch of Patton 
Valley Road. 
Stimson Mill sandstone has a mean size ranging from 
0.95 ~ to 1.36 ~ and is very poorly sorted, strongly fine 
skewed, and leptokurtic. The average percentages of sand, 
silt, and clay of the analyzed samples are 61, 24 and 15 
percent respectively. The sand is classified as muddy 
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sandstone and silty sandstone (Fig. 11). 
Plagioclase is the most abundant mineral, ranging from 
19 percent to 38 percent. K-feldspar and quartz are the 
second most abundant, and each averages 26 percent. Rock 
fragments make up less than 10 percent of the samples and 
are mostly volcanic in origin. Sample No. A-60 has unusual 
abundance of rock fragments, 61 percent (Table I-). This 
sample was taken from a gray, fossiliferous, sandstone lens 
found at locality No. A-60 (Plate I). Accessory minerals 
mica and magnetite are occasionally abundant. The amount 
of chert ranges from 0.8 to 1.5 percent. The sandstone 
of the Stimson Mill bed is classified as arkose (Fig. 12). 
The percentage of hornblende ranges from 0.4 to 33 
percent. 
percent. 
Epidote, a metamorphic mineral, averages 53 
Other heavy minerals are listed in Table I. 
Primary and secondary ratios of Stimson Mill constituent 
reveal that the Stimson Mill bed has almost the same ratios 
as those of the lower member of the Spencer Formation (Fig. 
13). In Fig. 14, all diagrams show that the Stimson Mill 
bed plots within the field of the Spencer Formation and that 
the average (St ) of all the Stimson Mill samples plots very 
close to the average of the lower member of the Spencer 
Formation (1-S). 
The petrographic similarities of the Stimson Mill bed 
and lower member of the Spencer sandstone make it impossible 
to differentiate between these two units. Field observation 
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of its interbedded sandstone and mudstone character is the 
only way to distinguish the Stimson Mill bed from the lower 
member of the Spencer sandstone. 
Provenance 
Primary and secondary parameter values derived from 
Dickinson's method (Fig. 15) show a plutonic source. The 
similarities of the primary and secondary ratios of the 
Stimson Mill bed and the Lower Spencer Formation (Fig. 13) 
indicate that both sediments were derived from the same 
source. 
Conditions of Deposition 
The intertonguing relationship between the Stimson Mill 
bed and the underlying Spencer formation indicates that the 
deposition of the Stimson Mill bed was controlled by 
regressive-transgressive conditions of the sea or delta 
switching. The abundance of the pebbly lenses in the upper 
member of the Spencer Formation and near the contact with 
the Stimson Mill bed indicate a change in sea level. The 
difference in thicknesses of sandstone and mudstone near 
the contact between the two units is very obvious and in-
dicates either a downwarping of the sea shore or a change 
in the rate and/or direction of sediment supply. 
Age and Correlation 
Fossils in the Stimson Mill bed are not common in the 
Spencer Formation. When present, they are badly weathered 
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and unidentifiable. The proposed stratigraphic position 
of this unit is uppermost Eocene because of its position 
between the upper Eocene Spencer Formation and the lower 
Oligocene Gries Ranch Formation. 
Oligocene Marine Sediments Undifferentiated 
These sediments are not yet differentiated in the study 
area, except in the two quarries which are assigned by Warren 
and others (1945) to the Gries Ranch Formation. The 
extensive vegetation cover, the broad cultivated cover area, 
the lack of adequate fossils, and the thick cover of soil 
make it very difficult to find any continuous sections with 
a diagnostic lithology that could help in differentiation 
and mapping. 
In this study, according to the field investigation 
and fossil assemblages, two units are identified and 
partially mapped in the northern part of the study area. The 
two units are the Gries Ranch Formation, which overlies the 
Stimson Mill bed, and the probably Pittsburgh Bluff Formation, 
which in turn overlies the Gries Ranch unit. The two units 
are situated on the downthrown side between the two faults 
in Carpenter Creek and Scoggin Creek (Plate I) . 
Gries Ranch Formation 
Overlying the Stimson Mill bed is the Gries Ranch 
Formation, first described in Washington. Weaver (in Weaver) 
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and Others, 1944, p. 593) states "The type section of the 
Gries Ranchbeds consists of two small areas in the south 
bank of the Cowlitz River between the towns of Toledo and 
Vader." Warren and others (1945) refer to a few exposed 
localities in Oregon. One of them is at Conyers Creek 
southwest of Clatskanie and the others are located in the 
study area at Scoggin quarry and Abraham quarry. In addition, 
Boos quarry is another locality found during this study. 
The three quarries (Plate I) are abandoned at the present 
time. The best continuous exposed section is about 200 m 
thick and 500 m past Scoggin quarry on Scoggin Valley road 
(Fig. 24) where the beds strike northeast and dip 54° south-
east. A fault in this area may be responsible for raising 
the beds. The total thickness of the formation is about 
1,100 m. 
Field Characteristics and Petrography 
Rocks are light gray, fine grained, hard, calcareous, 
and carbonaceous basaltic sandstone with an interbedded 
sequence of a thick-bedded conglomerate and pebbly sandstone, 
and thin beds ranges from 0.20 to 370 cm thick of brown 
and greenish gray shale. Rocks have highly magnetic 
properties becauseof the abundance of magnetite. Fossils 
are very common in this formation and occasionally form in 
beds from 7 to 25 cm thick. Burrows and bits of carbon 
are also common. A section of about 200mthick of this 

sequence is shown in (Fig. 25). 
Thin sections revealed that these rocks consist of 
feldspar, basaltic rock fragments, abundant glauconite 
altered from rock fragments, magnetite, hornblende, and 
very few grains of quartz and epidote. 
The upper part of the formation can be seen at Boos 
quarry and consists of stratified, hard, yellow to white 
fossiliferous and tuffaceous siltstone. Tuff forms more 
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than 70 percent of the rock. The upper part of the formation 
is also exposed northwest of Gaston, about 200 m north of 
Patton Valley Road (SW 1/4, NW 1/4, Sec. 49, T. lS, R. 4W). 
At this locality, the upper part of the Gries Ranch Formation 
is overlain by yellowish brown fossiliferous sandstone of 
probably Pittsburg Bluff Formation. 
Provenance 
The fact that the Gries Ranch Formation of late 
Oligocene consists of a considerable thickness of basaltic 
sandstone, pebbles, and conglomerate, which is completely 
different from the underlying Eocene sediment of arkosic 
sandstone, indicate a volcanic eruption took place during 
the early Oligocene and led to the deposition of the 
formation. These eruptions ended with water-laid tuff 
deposited on the top of the formation. The thick pile of 
basaltic pebble conglomerate is an evidence of nearby source 
probably from the ancestral western and high Cascades. 
150 
100 
50 
0 
Top not exposed 84 
. . . 
0 
• 0 • 
• 0 
Cl 0 
Ill 
.. . " . ~ ~ . 
• .a 0 
. . . . . . ,. ,, 
. . . . . . . . ... 
· o· ·o·o o· ....... 
l 
' 
.. . .. • . ' x 
., 
0 
•• 0 x 
..... · · .. :i x • 
. . . . . . . x • . . . . . . . x • 
. . . . . . . ·~ x • 
: .... ·. ·. ".') x • 0 
l===:i=:=:i=-t.' x • 
.. 
I A 
0
.-' ~ - '_ -·-·I ...,..'V'"""..,.'W"'vvv 
x 
Base not exposed 
LEGEND 
CJ . . 
D . . 
Dark to light-gray, light brown when 
weathered, fine-grained basaltic sand-
stone, cemented by calcite . 
Very coarse to granule size grains of 
basaltic sandstone . 
Basaltic pebbles. 
Boulders up to 60 cm in diameter 
Dark to light-gray and brown shale 
x Fossil 
• Carbon bits or carbonaceous sand-stone 
0 Concretions up to 8 cm in 
diameter 
0 
10 
20 
30 
Figure 25. Sequence of interbedded pebbly basaltic sandstone 
and shale of the Gries Ranch Formation exposed at 
Scoggin Valley Road. 
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Conditions of Deposition 
Presence of shallow marine genera such as Calyptraea 
and Spisula, carbonaceous material, glauconite, and a 
considerable thickness of conglomerate beds all indicate a 
shallow marine environment of deposition. 
Age and Correlation 
Effinger (1938) considered the Gries Ranch zone to be 
lowermost Oligocene in age based on fauna assemblages 
collected from type locality at Gries Ranch in Washington. 
He also stated, "The fact that the fauna shows important 
affinities with the Eocene have made its age uncertain." 
Warren and others (1945) date the fauna collected from the 
exposed Gries Ranch beds in Oregon as lower Oligocene. 
Mcwilliams (1969) believes that the rocks of Scoggin quarry 
resemble the Spencer, and Bolivina basisenta Cushman and 
Stone, found in the quarry, is not known to occur above 
the Narizian. A group of fossils were collected by this 
writer (Plate I and Table I!I,Appendix) and three have been 
identified by Dr. Hickman. She states that Procerapex 
bentsonae Hickman at locality (PSUB0007) is of Keasey or 
Galvninian age and is restricted to this interval. This 
identification supports Effinger's (1938) dating and 
correlation of the Gries Ranch in Washington with Keasey 
shale in Oregon. The checklist also includes a group of 
fossils collected by Warren and others (1945), Ml41-143. 
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These groups are from the section located on the Scoggin 
Valley Road numbered in this study by PSUB0007, Scoggin 
quarry, and Abraham quarry respectively; and a group of 
fossils collected and identified by Mcwilliams (1969) from 
the same locality PSUB0007 and assigned to A5022. 
Pittsburg Bluff Formation (?) 
The Gries Ranch Formation is conformably overlain by 
sandstone and mudstone rocks identified as part of the 
middle Oligocene Pittsburg Bluff Formation because of their 
lithological characteristics and the presence of some lower 
and middle Oligocene fauna. The base of the formation is 
exposed northwest of Gaston (see p. 83 ) , and is composed of 
light brown, massive, spheroidal weathered and fossiliferous 
sandstone. An exposed section of about 3 m thickness can be 
seen at the gaging station on Scoggin Creek, about 300 m 
south of Scoggin. The upper part of the formation is 
light gray to light brown mudstone, locally, pebbly sand-
stone occurs. The thickness of the formation is more than 
850 m. 
Two fossil localities are recorded (Plate I). PSUB0009 
is located on the new road that branches from Highway 47 and 
runs parallel to the railroad to meet with Scoggin Valley 
Road. This road was built to facilitate transportation to 
Hagg Lake and has about 15 m exposure of the Pittsburgh Bluff 
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Formation. The outcrops on the right and left sides of the 
road consist of light gray to greenish gray mudstone in the 
lower part, grading upward into light brown shale. The gray 
mudstone is usually rich in rnegafossils and crustacea. 
Small concretions up to 5 cm in diameter are very conunon. 
Most of them contain molluscs or fossil crabs. 
The other locality PSUB0010 is located to the north 
of PSUB0009 (Plate I) . The outcrop consists of light yellow 
sandstoneand.mudstone with basaltic pebbles up to 15 nun in 
diameter. Carbon bits and plant debris are present. 
Age and Correlation 
From a large collection at fossil locality PSUB0009, 
only twelve species were identified by Dr. Hickman (see 
checklist, Table III Appendix). She stated that this fauna 
is equivalent to the upper part of the Keasey stage (written 
communication). Four species from locality PSUBOOlO were 
also identified by Dr. Hickman, who stated that the presence 
of Pitar arnoldi and Cochlodesma suggest that the unit might 
be latest Oligocene (Blakely stage) , or at the oldest middle 
Oligocene (Lincoln stage) . 
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STRUCTURE 
The structural framework of the study area can be 
generally described as easterly dipping with well-developed 
faults throughout the area. Three major northwest-trending 
faults in the north portion of mapped area are located in 
Gales Creek, Carpenter Creek, and Scoggin Creek (Plate I). 
Schlicker and Deacon (1967) state that a fault in Gales 
Creek and probably the faults in Scoggin Creek and the 
Tualatin River show stratigraphic displacements of up to 
more than 300 m. They suggest that these faults may continue 
for many miles northwesterly into and possibly across the 
entire Coast Range. 
The fault in Scoggin Creek is described in a U.S. 
Department of the Interior report (1972, p. 7) in the 
following way: 
Broken and disturbed zones found in drill holes 
9, 9A and 9B located right of the Creek, indicate 
a possible fault. The bottom contacts of the 
disturbed rock in these holes lie on a fairly con-
tinuous plane dipping about 45° northeast or 
toward the left abutment. The direction of move-
ment and amount of displacement were not 
determined. 
The fault in Scoggin Creek, however, is topographically 
evidenced by the high hill to the west side (Fig. 16) and 
the absence of mudstone beds that characterize the upper-
most member on the east or downthrown side of the fault. 
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The presence of mudstone beds on the east side and their 
absence onthe opposite side indicate that at least 350 m of 
displacement has occurred along the fault in this area. 
Presence and absence of mudstone beds on east and west side 
of the fault respectively are also shown in geologic section 
done by the U.S. Department of the Interior (1972) for 
the Scoggin Damsite (Plate IIb). 
Northeast-trending faults are also present (Plate I) . 
The one in the north crosses the fault in the Scoggin 
Creek and probably, represent a fault contact between the 
Gries Ranch Formation and the underlying Stimson Mill bed. 
It also extends to the southwest into the Spencer Formation. 
This fault is evidenced by (1) steep dipping of the Gries 
Ranch beds up to 57° in an easterly direction; (2) steepness 
of the topographic contours along its extension; (3) a 
creek running along the fault line on the contact between 
Gries Ranch and Stimson Mill bed; (4) presence of concretions, 
scattered pebbles and mudstone of the upper member of the 
Spencer Formation in the vicinity of locality No. 5 indicate 
that this block is the downthrown side of the fault; and 
(5) an offset of Williams Canyon, south of Patton Valley with 
its extension northward on Herring Road. 
A northeast-trend fault with evidence of slickenside 
and brecciation is located near the top of the hill that 
overlook Hagg Lake (Fig 16) . The fault plane strikes N55° E 
and dips 35° SE. 
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Table II Grain Size Analyses: Sand + Silt + Clay = 100% 
Statistical Parameters After Folk, 1974. 
Sample Sand Silt 
Stimson Mill bed 
A-1 72.8 16.2 
A-12 63.6 25. 4. 
A-17 59.2 21. 8 
A-131 47.5 31.6 
Average 60.7 23.7 
U-Spencer Formation 
A-5 82.7 11. 9 
A-10 62.2 24.2 
A-11 75.3 18.3 
A-13 80.0 14.6 
A-22 77.7 16.7 
A-101 60.3 21.5 
A-121 72.6 20.7 
A-155 71. 5 22.2 
A-105 64.5 26.9 
Average 71. 9 19.7 
L-Spencer Forination 
A-18 67 26.0 
A-30 60.5 24.3 
A-41 58.6 30.8 
A-88 76.0 19.0 
A-140 56.3 33.5 
DH6 66.9 20.8 
Average 64.2 25.7 
Yamhill Forination 
A-33 
A-40 
Average 
17.3 
45.8 
58.6 
20.6 
38.6 
29.6 
Clay 
11. 0 
13.3 
19.0 
20.9 
15.6 
5.4 
13.6 
6.4 
5.4 
5.6 
18.2 
6.7 
6.3 
8.6 
8.4 
7.0 
15.2 
10.6 
5.0 
10.2 
12.3 
10.1 
8.1 
15.6 
11.8 
3.45 
4.05 
3.67 
5.46 
4.16 
2.71 
4.46 
3.53 
3.33 
3.37 
4.59 
3.52 
3.69 
4.31 
3.72 
3.76 
4.51 
4.41 
3.36 
4.20 
4.35 
4.09 
3.63 
5.0 
4.31 
a'. 
1 
2.46 
2.21 
1. 81 
2.74 
2.30 
1. 52 
2.25 
1.42 
2.58 
1. 29 
2.59 
1.70 
1.64 
2.22 
1. 91 
1.49 
2.42 
2.10 
1.45 
1.28 
2.32 
1. 84 
2.62 
2.40 
2.51 
0.74 
0.69 
0.65 
0.67 
0.69 
0.88 
0.76 
0.74 
0.62 
0.78 
0.76 
0.66 
0.71 
0.73 
0.74 
0.81 
0.76 
0.71 
0.68 
0.57 
0.82 
0.72 
0.73 
0.53 
0.63 
1. 73 
1. 23 
1. 60 
.95 
1. 38 
1. 98 
1.02 
1. 79 
2.70 
2.18 
1.32 
1. 67 
1.78 
1.19 
1.73 
1.23 
1.40 
1.10 
2.20 
1.23 
1.31 
1.41 
1.79 
0.96 
1.37 
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Table IV Water-..depth data for the present-day relatives 
of fossils found in the Spencer Formation. 
GASTROPODS DEPTH RANGE 
Acrnaea 
Calyptraea 
Crepidula 
Epitoniurn 
Polineces 
PELECYPODS 
Acila 
Crassetella 
Gari 
Glycyrneris 
Nuculana 
Pi tar 
Spisula 
Tellina 
Yoldia 
int. to 64 rn, on rocks, algae, 
other shells 
int. to 137 rn, on rocks 
int. to 165 rn, on rocks or shells 
int. to 366 rn 
int. to 2,560 rn 
9 to 1,280 rn 
18 to 73 rn 
int. to 46 rn, in sand 
int. to 366 rn 
5 to 3,660 rn 
27 to 183 rn 
int. to 46 rn, in sand of exposed 
beaches 
int. to 137 rn 
int. to 183 rn 
